BUILDING A CIRCULAR FUTURE

Kasper Guldager Jensen, kgj@3xn.dk, www.3xn.dk, +45 6120 1784
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Cross Laminatad Timber (CLT]

The wonosn structurs 15 built in Crss Laminated Tirbes which
whothavery stongand s ent buildng matenalandat the sama
frme it s o very low aramnemental and comate impact dunng
oreduction Thswil des gve e interor of te ouildng e unigue
and characteristic expresson thet raflectstae charactar of the
axtedor Both the woos iteall anc tha sezaof thawood2nfreme
anaLre good acodstics end ganarelly a naaltuy and covrotanis

Adosr chimate.

Bio-traaked timber

The rreterals we Jge for cur bulldings shoukd ba toxin free and
sLzpotour haelth, Hot jJuetforoueeies, but 8lso for fLtLrs
#ans@tone that wil havsto utizs ths metsrlaks and eolutions
ws davelop today Utiliang & formakisheda-hea binglus nths
CTLensurss ahsalthy ndoor chimatswiilst als0 procesting the
srvirenmant. Trsating the tmberwith a natual impregnation

L

Bio-trseted HMDSrusad In'args scals onan énsna in
Copenegsn, Bsnmek,

CLT 5 producad by crossing snea gluing smeller pieces of wood

Vaie Creation

Structural Efticiancy

Timbsr e ths sirusturaly moss s cisnt matsnal by weght, it
tharsby recims (665 mENUTES tnhand e cunng the constrict on
phasaand the lighter metede’ deo rRquirss lese foundaton,

Larga Span Timbar Sructuras — Robam Drocsnl 2018)

Optimizad construction
Timbsrconstructionealy tekss X 3% tha constructiontme of
tradtional soncrete buldngs and requirs only 1950 of the trancport

13enin kayrom — Barea Nacian 2018

truciural

S
Effiency

Opzimized
Construction

Stonrg
Corbon

Comroliing
HMumidily

©E@O®O

Storing Carbon

For sy dry tonna of ferhes produsesd 1 Btonnes of cacbon
dinxlde l€ takan from tha atmosphare. Timbar 13 a renewable
metadel, Whan a tres s felst answ can gow Inlts plecs,

[Timbar veha carmon saccnomsy — Timber NSW 2018)

Controfling Humidrty
Woodis breathable anet canabsorb and ralease mastune, &
crtes anaturadly - egulates indoor clrmate,

TWeond handhenk LS Naramya e of Gorbiinine Tarses Carvoa W10



Reversible connections

Mechaneal and reserssie jonts ard aaady dissolvanls binzem
Delween corcrele elemen s, are mplanantes Lo allow for 2asy
assamily and cisassambly. This I5 making 3socond e for the

materiaks s aels s sty manteronce ponssiolks.

Upcycle concrete

Corcrete is 4 CO -sapersive ouilding material s among ather
thinga The praduction of cement tral pays the envirgnmeant

and contrisctns negatendy to he areemo.ss effiest. Camant
condritrites wite spproe. 6% of total mean-mads CO, emissions n
tre world

Uocycled concrete with agg-egates of reussd concreta,

Allthe concrate slements ame 1pired by bolsac steed

comections all reversiole revsatle in the future.

Value Crestion

Ready for Circular Economy
Earn 4% of e ew build vahie on e supe si-uciure and envelbpe
by designng it for disassenbly,

Briing a Groular Futuns = GXN, 20161

Thermal performance
Concrete acts a5 a heat 5tore, THI5 Enables cost saNgs o be
mazemn energy eoursmentswrh areductonin she need for heat

QeENeration

1A sustarabla corstracton prodacts Jamma == Molcam, 2013

Ready for
Circular Economy

Thermal
periormance

Cheap
Insurance

Fast
Construction

Cheap Insurance
Wsurancerates for concrete frare hulldngsare 14 o 65% lesathan

for timber fams st hres

Mirdo-anters 3wvd o of tho raks of wiod-framo constructon: Survey —
Insgarwrios Bus nwss Sypecion 2017

Fast Construction

Making a boled ComMEection Lakes 15 10 20minutes -t's Jto 4
times faster whan sompared to tadmnal conarats construction
methocs
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WHAT IS THE PROBLEM?



CONCRETE IS CHEAP AND DURABLE
BUT ALSO THE BIGGEST CO2 EMITTER



WHAT IS THE SOLUTION?



CIRCULAR ECONOMY IS
ABOUT THE ECONOMY
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WE NEED TO TALK ABOUT
THE BUSINESS CASE



Advisory Board for
cirkulzer gkonomi
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PROPORTION OF CONSUMPTION MET
BY RECYCLED MATERIALS (%)

COPPER 31%

HOW LONG WILL IT LAST?

kg

(Bunquinid ‘suI0? “21m) ¥34d0Y

20.3kg

NICKEL 35%

10,000 -
- TANTALUM 20% @ @
URANIUM 0%
B e
TIN 26%
) ()
100 é. o et
o TINC 26%

o

i S
HOW MANY YEARS LEFT
1 5% IF THE WORLD CONSUMES AT TODAY'S RATE 4
INe fgdlvan;,;ng) ol

7 g
E bt Reserve base
k-] Annual global consumption INDIUM (L(Ds)
2 (assuming global consumplion-globol production)
. - \ HOW MANY YEARS LEFT :
%. " IF THE WORLD CONSUMES AT HALF GOLD 43%
et P THE US CONSUMPTION RATE
!_ 7| i Reserve base
x 5 . ; '/, US per apita g population
) t pone m‘mﬂ L consumption 2006
i URANION (4 Figures do not toke into account changes
= in dem ue to new technologies
3 in demand di hnologi
E rrpd PHOSPHORUS 0%
: &
=2
; ;]
2 FRATINUMN 2% CHROMIUM 25%
=
- ©
GALLIUM 0%
e g | i INDIUM 0%
z A e GERMANIUM 35%
§ HAENIUM N/A
o RHODIUM N/A
WORLD POPULATION APRIL 2007
: ANTIMONY N/A
0.10 | B
:
: IF DEMAND GROWS...
| B | i Some key resources will be exhausted more quickly
i if predicted new technologies appear and the
| population grows
| ANTIMONY 1520 years SILVER 15-20 years
HAFNIUM  ~10 years TANTALUM  20-30 years
0.01 - | & INDIUM 5-10 years URANIUM  30-40 years

n/a: figures not available
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Adopting circular-economy principles will
not only benefit Europe environmentally
and socially but could also generate a net
economic benefit of €1.8 trillion by 2030.

McKinsey
&Company



3XN Architects
Copenhagen
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Diverse Experiences

= : :

How can a building adapt to social
and programmatic fluctuation?

Il
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PLAYSPACE URBAN SEAFARM MEET UP SPACES.

WOVEN /INTERLACED MIXED - INDOOR & OUTDOOR

s
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Figure : Modular Building System & Capabilities STAIRCASE

Amodularframeworkunderpinsthefunctionalstrategiesofthefacility and
enables representation and ownership of stakeholders and user
groups.Theflexibilityofthemodularsystemenablesspacesandplaces

- : -~ e 7
. . -~ o

tooverlap,changeshapeandform,tocreatenewanddiversezonesfor “Eﬁf’ H"‘v"f

different operations under the one roof. MIXEDSEATING FOOD TRUCKS RETAILKITCHEN OPENSEATING COMMUNALSEATING LOUNGESEATING BENCHTOP SEATING

Itallowsforinteriorandexteriorspacestoflex,growandshrinkasneeds
require. It gives each module, or group of modules within to develop
itsownidentitybasedontherequirementsofaspecificsituation. The \/ \/ \/

buildingbecomesaresponsiveelementthatchangestomeetthecur- rent
and future needs of the various user groups and stakeholders.

opeN RIGIDSHADING GLAZED ORIENTED PV's VENTILATED GREEN MESH RAINWATER COLLECTION

Figure : Potential Ground & Roof Surface Functionalities and Scenarios



Modular Concepts

Modular features intersecting with structural column

FACADE TO COLUMN CONNECTION FLOOR WITH MULTIPLE CHANNEL TYPES

COLUMN TO SIGNAGE BEAMS & GLASS CEILING CORE TO COLUMN & ROOF CONNECTION COLUMNS WITH INTEGRATED PROFILES FOR ROLLERS



Photovoltaic Cells

Passive ventilation

i = T Reflective materials
Wl e = — reduce solar gain

—

: : — -— Reflected Daylighting +
— — ’—l

— —

Low embodiedenergy
materials

Modular construction

with minimised waste

Exchangeable
concrete structures

Targeted coolingfor
food products

Demaountable walls &
facades

Modular tenancies

Harvested waste

energy fromcooling
systems
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architects innovation
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3XN architects

concept building



concept building










GXN innovation

/\N

concept
idea
research question
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External glass Bio-composite Wood-fibre Internal wood Bio-composite Aluminium
window exterior insulation structure interior interface
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Smart Materials
00-19

Miceronal Smart Board

Active temperature regulation

These plaster boards include 2 kg/m? of heat-storing material

in the shape of microcapsules containing a phase changing
material (PCM) When heated to a certain point, the PCM will melt
absorbing thermal energy without any increase in temperature,
while the reverse process releases the stored energy as heat,
maintaning a pleasant room temperature. The heat storage
capaaty of a 15 mm PCM Smart Board is equivalent to that of a
G0 mm concrete wall or a 120 mm brick wall.

Examples Of Use

Reducing shiftsin indoor temperature between day and night and
reducing the need for air conditioning and heating,

Similar Materials
02, 05, 40, 63,65

Material Data
Two types available with ‘switching points' terrperatures at 23°C
and 26°C; thickness: 15 mm; length: 2,000 mm width: 1,250 mm,

Manufacturer
BASE wwwmicronal de
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Green Materials
40-59

Accoya

Nontoxic high technology wood

The produchon process makes fast-growing softwood into a

new durable and stable product with the qualities of hardwood
Accoyais wood that has been chemically enhanced by
acetylation, a process in which acefic anhydride isused to change
the abundance of free hydroxyls into acetyl groups. As free
hydroxyls in the wood cells enable wood to absorb water and play
an impor tant role in deterioration, water absorpbion and decay is
avoided, which makes the wood extremely durable.

Examples Of Use
Qutdoor wooden structures.

Similar Materials
00, 01, 14, 44, 57 72, 86

Material Data
Class 1 durability (comparable to teak), lasting at least 50 years
above ground and 25 years below ground.

Manufacturer
AcCcoya, Www aocoya.com
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WHAT IF WE CAN BUILD TOMORROW
WITH THE WASTE OF TODAY?
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K| Kompakt | 120m? V| Vinkel | 109m? U | G&rdhavehus | 118m? X | Bben Form | 137m?












TECNICAL lJATERIALS




WHAT IF WE CAN CREATE CIRCULAR
CITIES WITH URBAN MINING?
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Human scale + City scale
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RETAINING 98%

STRUCTURAL WALLS



7.505 Tons of CO:

EMISSIONS SAVED

* The results are based on a published Australian data.

LOW CARBON LIVING
CRC

Structural Walls
2,387 (T.CO2-p|

Structural Slabs
2,258 [T.COz-@)

Structural Beams
1,325 (T.CO2-2)

Structural Coloums
1,534 |T.COz-2)
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7.505 Tons of CO:

EMISSIONS SAVED

Equivalent to 2500 one-way flights
from Sidney to Copenhagen
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Existing Remaining Existing / New

> L

$130,000,000 g%
MATERIAL + TIME SAVED
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¥ Lift Lobby View

Increased Views / Daylighting



Typical High Rise Proposal
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TYPICAL SPLICE DETAIL FOR ATRIUM INFILL PANEL AND DECON FLOOR
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WHAT IF WE CAN TURN DEMOLITION
INTO A GOOD BUSINESS






FROM 16 MIO. COST
TO 35 MIO. REVENUE



DESIGN FOR
DISASSEMBLY

MATERIAL
PASSPORT

N CIRCULAR
\ ECONOMY

CIRCULAR ECONOMY
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Redesigning the way we put buildings together

%iiec(ti" e m ®
» (i)(rl N MTHojgaard

architects contractars demoliticners



In a multi disciplinary partnership

Bring ideas to lifi . . B u e
m@ vagygeei  henrikeinnovation Vé;'ggn/{

Danmark

constructing architects building innavation circular economy






Linear Economy

Biological
nutrients

> Biological Circular Technical
_ nutrients Economy nutrients

Technical @
nutrients
fx:ék

Take Make Waste Energy from
renewable sources
ﬁﬁ! Energy from
Y} / finite sources



Biological Materials

t
Farming / r_&
Collection

Biochemical
Feedstock

Biogas
Anaerobic Digestion/ .
Composting g
Extraction of

Biochemical Feedstock

Service l
Cascades Provider

o
0
0
o
-

Energy | ¥
% Recovery 7 _ Leakage—

Mining / Material Techical Materials

Manufacturing

©

Parts
Manufacturer
Product !
Manufacturer

Recycle
? Remanufacture

/Refurbish

Reuse /
Redistribute
Maintenance

To be minimized

Landfill



Things
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Foundation



DE FIRE STYRELSER 32N Architccts, LA AT 10C HEADQUARTERS 3% Architccts,
72 % Kzlvebed 3rygge, De~mark 2094, 60 % Lausanne, Switzerland 2014
Offices, 42.000 m? Offices, 15000 m#

82 % BELLA SKY 3XN Archizects, 72 % SAXO BANK 3XM Architacts,
Copennagen, Denmark 2011, Hellesup, Denmark 2008,
Hatel, 42.000 m* Offices, 16.000 m?



A Building Practice with immediate and short term gains

(i

improved faster optimized
flexibility construction operation
Implementation of the circular principles, not only result in long term benefits,

Positive side effects from low hanging fruiis creates a better building here and now.



DESIGN FOR
DISASSEMBLY

Ea /’//;_ - ~ %
N — S/
N~ e\ ~
= TR
\
W/
MATERIAL W\ CIRCULAR
PASSPORT \ ECONOMY

DESIGN FOR DISASSEMBLY
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- [ 4l
SLAB - WALL New separable WALL - WALL New separable SLAB - BEAM New separable SLAB - SLAB New seaarahle COLUMN - SLAB New separable
joints usng mechanical con-  jeints using mecnenical con- joints using mechanical con- joints using mechanical joints usirg mechanical
nections with nuts and holts. nections with auts ane balts, nections with nuts and bolts. connectinns with nuts and conrect'nns with nuts anc

bol<s and Tima mortar. bolts znd “me mortar.
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A circular building system
— For the future Peikko

4. Baam ) Cobann and wall
Ar wdsptetion of the ex'sting
“FCx Corbe * product that
mekes 2n 2imozs hidden
MARNI LANNRI0N &
b and a wal of cakern.

1. Column f Foundation

5, Shb /! Shb wnd colarn
AN 3l FERRD new product The selstng Coure Shoe'
thet alows mechanicz| cozt with i'memertar,

aoenecton alsiiba,

Mapping of naw and exlsting solutions

A numoered crder cf sciut.ons in the Peikxo
product portfciio that has a circula potential,
The lower the closer they are to being
completely circular.

= R T @p.nu.g GXn

YETARLEY

Genaral consldarations

A general considerstion for the solutions is that
the grout is cast with lime mortan, which solves
issuas negard ng fire, sound, corrosion and
prevent paople from acceesing the joirt. The
moriar howewer woryl lransler eny lorces.

€, Elab / Wall

An 2l Behkanow product
1hat 2 Inms rMeciae cal
correcton betyssn slsbs
ang wals,

3 Wil { Wall (umrtical}

An adeptaton of the meiziing
“SUMC Shoe” thet mckes

2l orwn machanioa’ wirical
GOREme o Binlwase) | mo
wall mlumunt=

2. Wak ¢ Wall and
foundation Horizantsl}

A0 acoptation of the sxletng
“SUMO 5o’

Instead ¢ using ime mortar in the Peikko
brackets, a special cover cap® could #50 be
dovslopad to protect the jonts. This could made
from eg. fibra cencrote, otc.

Decumantation s frdings from woerkad oo batwase

{Dpeikio’ (X 27



Workshop |
— Peikko Group, Lahti, Finland, May 25% 2017

Alm

The aim of the workshop was to develop concepts of
circular econcmy within Peikko, specifically in relaticn to
exisling company cullure, slralegy, and products.

Participants

Peikko Group

Topi Paananen - CEO Peikko Grouo

Jonas Hog - Director, Peikko Danmark

Suvi Kauppila, Project Manager, Development Projects

Petri Suur-Askola, Business Director, Concrete Connections
Slavomir Matiaske, Product Manager, Precast frames

Janne Myllynen, Sourcing Director

Jorma Kinnunen, Scnior Manager, R&D

Gregor Schabrun, Area Direclor Mediterranean

GXN Innovation

Kasper Guldager Jensen, Senior Partner 3XN, Director GXN
Jeppe Kongstad Hjort, Architect MAA

Casper @stergaard Christensen, Architect MAA,

Kare Slokhelm Poulsgaard, Head of Innovation GXN




Workshop |
— 3XN Architects and GXN Innovation, Copenhagen,
Denmark June 8" 2017

Aim

The aim of the workshop was to develop ideas and
concepts for a future Peikko Circular Building System
as well as a vision and readmap for Peikxc in the circular
£conony.

Participants

Peikko Group

Jonas Hog - Direclor, Peikko Danmark

Suvi Kauppila, Project Manager, Development Projects

Petri Suur-Askela, Business Director, Cencrete Connections
Slavomir Matiasko, Product Manager, Precast frames

Janne Myllynen, Scurcing Director

Jerma Kinnunen, Senicr Mznager, R&D

Gregor Schabrun, Arca Directer Mediterrancan

GXN Innovation

Kasper Guldager Jensen, Senior Partner 3XN, Director GXN
Jeppe Kongslad Hjorl, Archilecl MAA

Casper @slergaard Christensen, Archilect MAA,

Lasse Lind, Head of Consulting GXN




Circular connections

— Experiment with steel joints cast with lime mortar

[ 2

Experiment with lime mortar

Srce the boox Bullding a Crcular Future, GXN ras
worked with treory that the Peikko brackets can
be casled cul with lire me-Lar and Lthen remaoved
il 2g3aing hy bydrc-hlasting, Toe rmoras only needs
to protest the connactian from fire and cormsion

and therefore needs transfer any loads. Dunng
the Jircle House project we nave tested out the
Lheosy in pralice in colaboration wilh Pekke and
Kalk

ag Documinkation and findegs fram worki@aps Letmaan

@eeika GXI)

Three Pokko SUMO Shoes were castad with
differant strangths of mortar, and were aliowed
L0 cue Tor Lag mont~s. During drying no
cracks nccursed, thas rraintzining the lechnical
propartes,

Blastng the Ime mortar with a hgn pressurs
cleaner, exceadad all cxpectations. It wae possiba
Lo remave Lhe waakest of e hrea morlars in jus!
10 secands His ot only a very Smiphs, bl also
very fast procass,

Decumantation s frdings from werksb ops Dirbwasn
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Circular connections Circular connections
— 1. Column / Foundation and column — 2. Wall / Wall and foundation (Horizontal)

3

L~
1. Column / Foundatlon and column 2. Wall / Wall and foundatlon (Horlzontal)
The current ‘Column Shee' product & very ¢iose 1. Pe kho columne shoe, The current *SUMO Snoe” oroductisvery clese to 1. Peikko SUMOC Shoe.
to heing circular and needs only rminor adaptaton. 2, Cast-in trreaded rod, being cicular and necds enly minor adapiation, 2, Cast-in threaded rod,
The protective casting around the contection 3. Pro-cast concrote coumn, The protoctive casting inside the brackatsnoeds 3. Pre-cast concrote wall elomeont
noods to be o35ty removable. e.9.a lime mortsror 4, Concrate foundation. 0 ba easiy remavablo, £.9.3 lime mortar |like 4. Lme mortar casting or cover cap.
COvEr Cap. 5. Lime moriar Casling of coves cap. srcanin the expariment| er cover Gap. 5. Lme morlar grouling.

6. Lene moriar grouling,

ao Do s s findings fram warksdaps Lat @m‘w (ixn Decumantation s frcngs from worksh ops bt @m (5x11 an
ooup oroup Tacentler

¥ oAl _—



Circular connections
— 3. Wall / Wall {(Vertical)

3, Wall / Wall {vertical)
Anadaptston of the current "SUMO Snoe”, that
rrakes allows mechanical vertics cornecton

betwaen two wall elements, The casting betwaan

the elaments snd inside the brackets noeds to

rerovable, e.g. alime mortes To beller lrans’er
forces 1he "SUMO Shons® can be placed

dizgonally » the element,

1. Modified Pe kke SUMO Shoe.

2. Balt for connecting,

3. Pro-cast concrote wal | alemont
4. Lme mortar casting or cover cap.
5. Lme morar grouling.

a2

and findigs fram

- Dpeikia’ GXI)

¥ oAl

Circular connections
— 4, Beam / Colurmn and wall

4, Beam / Column and wall

An adaptation of the existing *PCa Corbel'
praduct that makes an drmost bidden raechasical
connecuen a beam and awall or column, The
bracket s cast or mounted to the wall or column.
The been has a Sillthal covers éand prolecls the
sleel,

1. Medified Peikke PCs Cordel

2, Belt for connecting,

3. Pro-cast concrote wall alamont
4. Pro-cast concrate besm.

5. Lme morlar grouling.

Decumantation swxd firdings from worksd g batwase
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‘Being in front is not
ambitious enough’

— Topi Paananen
CEQO, Peikko Group
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Circle House / Demonstrator

3XIN
GXN

CIRCLE HOUSE / 0N STRATOR



Exposition / Exterior

CIRCLE HOUSE / DTMOASTRATIR

XN
GXn



e i)







T

- &
=%,
" i

-4

Bl |8

470

000

41

—+— ——
xX[2%
T
=%
pL e} [
*
o 2
g
—

100

4000

2208

o

4T0




Wall Beam Deck
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Exposition / Exterior

FACADE 1/
Recycled plastic bags fabric /

Buraau S.A & Cvertreders W

CIRCLE HOUSE / DTMOASTRATIR

XN
GXn



Exposition / Exterior

FACADE 2/
Recycled bricks tiles /

Kerrerorme.

CIRCLE HOUSE / 00N STRATOR

FACADE 2/

Recycled burn wood /

AATEAIES

XN
GXn



FACADE 3/

Cork Panels /

Amorim lso amertos

3N
GXn

CIRCLE HOUSE / 00N STRATOR
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DESIGN FOR
DISASSEMBLY
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Virtuel Design & C onstruction
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1: HEIGHT 2: WIDTH 3: DEPTH 4: TIME 5: ECONOMY €: OPERATION

7: REUSE









Vaterial Google



circularity lab

GOOQ'C ARUP % ELLEN MACARTHUR
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Thank you!
Kasper Guldager Jensen, kgj@3xn.dk,+45 61201784



